Over the past century, the field of epidemiology has evolved and adapted to the changing public health needs. Challenges include newly emerging public health concerns across broad and diverse content areas, new methods, and vast data sources. We recognize the need to engage and educate the next generation of epidemiologists and prepare them to tackle these issues of the 21 st century. In this commentary, we suggest a skeleton framework upon which departments of epidemiology should build their curriculum. We propose domains thatinclude: applied epidemiology, biological and social determinants of health, communication, creativity and ability to collaborate and lead, statistical methods, and study design. We believe that all students should gain skills across these domains to tackle the challenges posed to us. The aim is to train smart thinkers, not technicians, to embrace challenges and move the expanding field of epidemiology forward.
. These were also the years that witnessed a profound differentiation into specialized epidemiologic expertise. However, recent evolution of the field has strengthened the idea that epidemiology is broad and is concerned with the control, prevention, determinants, and distribution of health issues in populations (5) and is sometimes referred to as the "basic science of public health" (6) . The point being that the the goals of epidemiologic research can be extremely broad, allowing epidemiologists to focus in many different ways from applied epidemiology, epidemiology at the individual and cellular level, clinical epidemiology, to focusing on the population level and the broader social determinants of health. The interactions of all of these areas are important to the field and the contributions of each add up across the entire field.
Epidemiology continues to face prospects and challenges, some of which are expanding the epidemiology domain. The potential for new and vast data sources (so-called "big data") provide new opportunities but the role of measurement error, confounding, and inference to target populations from data that were not collected explicitly for research purposes must be understood. Methods to address new technology developments that are driving precision medicine and precision public health are also critical. Moreover, epidemiologists are joining broader societal discussions to identify solutions for longstanding and emerging public health challenges, such as health disparities, obesity, gun violence, global migration, addiction and opioid overdose, and climate change (7) (8) (9) . Furthermore, as seen with the current Ebola outbreak, the next infectious disease epidemic or newly emerging infection remains imminent.
Epidemiology is also contributing to implementation science where we can contribute substantial expertise in refining study design and developing measures for effective implementation and address issues related to sustainability.
Most of the focus on epidemiology's future and challenges (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) has been from an academic viewpoint and has often overlooked the perspective of applied epidemiologists working in health departments, the Centers for Disease Control and Prevention (CDC), and in select universities. Symposium participants from these professional backgrounds emphasized that their goals, mission, and societal questions around epidemiology have not faltered. Rather, participants discussed that it is academics who have questioned their changing role in epidemiology. It was felt that the priorities of health departments and of many academic institutions who train epidemiologists have somewhat drifted apart. These varied perspectives broadened the conversation to include the full range of epidemiologic practice and the training needs of future epidemiologists. Epidemiologic education has often focused on etiologic issues and may not be optimally preparing future applied epidemiologists for tackling the important work that is the hallmark of today's health departments. The limited cross-fertilization between university departments of epidemiology, especially among doctoral trainees, and governmental health departments has long been remarked upon (20, 21) but continues to persist despite the natual and necessary overlap of both public health areas.
Determing if epidemiology is 'successful' could be evaluated by its effect on improving the health of the public. Nevertheless, this metric is influenced by so many other factors such as politics and societal pressures and suffers from potential issues on how to appropriately define the exposure and outcomes. However, epidemiology programs tend to measure their success in
terms of publications (number of scientific papers and impact factor of journals) and/or funding (volume and dollar value of grants). Another metric of success is employment opportunities for newly trained epidemiolgists at both the Masters and Doctoral level. Symposium participants reported that their students are typically able to find jobs readily and with increasing ease, reflecting the need for epidemiologists which is forecast to grow. We summarize discussions on important facets of epidemiology addressed in the Centennial Symposium as the field moves into the next decades that we collectively believe are important for all epidemiologists.
Therefore, this is a skeleton framework on which epidemiology curriculums should be built.Topics include applied epidemiology, biological and social determinants, communication, creativity, collaboration, leadership, statistical methods, epidemiological methods, data science, and study design.
Applied epidemiology:
The achievements of applied epidemiology which we define as work carried out by local and state health departments as well as the CDC are perhaps one of the reasons why epidemiology has been named the "basic science of public health" (6 
education and hospitals), and the number of jobs is anticipated to grow 5% from 2018 to 2028 as of 2018 (25) . Furthermore, there is the potential for even more increases in employment opportunities for epidemiologists at the state and federal level as up to 22% of the public health workforce is expected to retire between 2017 to 2023 including 30% of managers and executives (26) .
At the CDC, epidemiologists are often the hub of the multidisciplinary team, as they have the ability to understand and integrate the skillsets of clinicians, statisticians, and policy makers (2) . Furthermore, the deep understanding of issues revolving around typical threats to validity (i.e., measurement error, selection bias, and for causal questions, confounding) if not properly accounted for, help epidemiologists to try to understand limitations of datasets and to develop sound analytic approaches to address specific problems that have been identified. It follows that departments of epidemiology need to develop and teach skillsets needed for the applied epidemiology setting and when questions require confounding control (e.g., causal questions) and when they do not (e.g., descriptive questions). This includes not only study design and data analysis, but also surveillance, primary data collection including proper collection and processing of biospecimens, handling and interpreting data that were not collected for research purposes, quality control, strong command of descriptive and field epidemiology, the ability to make decisions quickly by integrating available evidence, and Collectively, we recognize that for epidemiology to make a difference in public health, we need to consider problems from multiple perspectives and in conjunction with multiple disciplines including the natural and social sciences as well as clinical medicine. We encourage epidemiology programs to address potential gaps in basic understanding of biology (molecular and cellular) and pathophysiology and also equip epidemiologists with tools to validly measure the impact of interpersonal and societal drivers of disease and risk.
Communication:
Communicating scientific findings to fellow scientists, the public, and policymakers is an important skill for the current epidemiologist that has been undervalued and is typically not Within epidemiology there are conflicting ideas on how to communicate outside of the scientific world. However, we did agree that scientific communication and the role of the "honest broker" of public health information is an area that is more important than ever (31) and epidemiologists should be equipped with communicative skills. Thoughtful interpretation and explanation as well as evidence synthesis might aid communication of our findings and may bring seemingly contradictory findings and conclusions into perspective for the population atlarge. Interestingly, advocacy for political, social or economic policies and programs that will Creativity and ability to collaborate and lead as essential skillsets for epidemiologists: In addition to improved communication, it is important that epidemiologic training include instruction in the areas of collaboration and creativity. Collaboration and team science have emerged as increasingly critical strategies to address public health challenges on a larger scale (33) , but how to teach creativity and innovation is not so clear. We try to teach our students to practice developing meaningful and clear questions, and to ruminate without the constriction of boundaries in the data. Inevitably, some of the resulting questions will be suboptimal, unaddressable, or some combination of the two. However, the potentially "bad" and unaddressable questions are not wasted effort. This is the exercise of developing important and answerable questions which is a creative endeavor that requires practice. Guiding students in this process and encouraging creativity is an obligation for those who teach and mentor.
Creativity includes asking a good question and developing a strategy and logical alternatives to answer the research question.
In addition, we need to teach epidemiology students how to develop their careers with an eye toward creativity, discovery, and innovation. Today, most individuals are not working for a single organization for the entirety of their career as has been more common in the past. On the contrary, newer graduates may often hold many jobs across a variety of settings (e.g., academia, industry, government, etc.) over the course of their career. Therefore, it would help students to learn how to adapt to a variety of environments, including the ability to continually ask compelling research questions as well as interview skills, curriculum vitae development, project management, and professional etiquette. These skills, whether specific to epidemiology or not, are basic scientific and life skills that will help students reach their best potential,
prepare them for an ever changing environment, and allow them the mental flexibility to make the highest impact discoveries that propel the field forward and ultimately transform the health of populations. While many of these skills are informally provided during training we encourage their prioritization more widely.
Statistical and Epidemiological Methods and Data Science: Classic methods like randomized controlled trials of key health interventions, and contemporary methods, such as synthetic control study design, offer substantial potential for addressing pressing public health questions efficiently in an environment with limited resources. New methods -from the potential outcomes framework to innovative sampling strategies (e.g., respondant driven sampling) and
Mendelian randomization -have undoubtedly moved the field forward. However, epidemiologists need to understand that the statistical methods (including "new" areas such as machine learning and artificial intelligence) are tools and a means to an end. We are at a juncture where we can begin to answer questions with advanced methods and technologies that we could not answer before (15) . But the increased focus on methods and data cannot be in isolation just because we can do this, but must be driven by the significant and impactful public health questions we ask.
Methods and concepts are the common denominators of all epidemiologic specialties.
Hence the importance of methodologists and textbook writers among us. However, methods should not define the scope of the discipline. Rather, they must serve to our larger goal of improved population health. We collectively agreed that the emphasis on methods themselves needs to be primarily a tool to answer relevant, well-defined scientific questions. We do not
want to train technicians who can merely execute or implement specific methods or algorithms; instead we aim to train scientific thinkers who can adapt to the ever changing landscape of disease threats, outcomes, study designs and methods. By learning about methods we equip students to continue learning over the course of their epidemiologic career so that they can adapt to use new methods, whether these methods emerge from the field of epidemiology or other fields of scientific inquiry.
Study Designs:
There is no doubt that epidemiologists need to have a sound understanding of scientific study design. Only so much bias can be ameliorated in the analytical phase of a study.
The logistics of how to plan and conduct primary data collection from questionnaire development to recruitment of participants are still required for the modern epidemiologist even in this day of readily available data (i.e., electronic health records, administrative and claims data). By having a firm grasp of study design from cohort to case-control to nested designs to randomized controlled trials gives us an understanding of the data and how information was measured, all of which can be used to help mitigate bias. A sound grounding in study design and threats to validity might help us to use "big data" appropriately, understand its limitations or question its usefulness, and also to understand as well as interpret data.
Indeed, several of the non-epidemiology journal editors felt that epidemiology needed to play a central role in understanding, analyzing, and interpreting big data (2) .
Thus, we must continue to teach study design and practice study implementation, but also consider new data sources and how we can integrate these into our thinking, practice and teaching. Data from these new sources are often not collected for research purposes, making
the interpretation challenging. We advocate for the epidemiologist to be the hub in multidisciplinary teams to identify and communicate challenges regarding study design and data analysis as well as uncertainties that may be present or emerge in these studies.
Conclusion
Epidemiology has undergone considerable change over the past century, but what has not changed are the important public health questions that we address, from outbreak investigations to descriptive epidemiology; from causal questions to questions regarding intervention effectiveness, implementation, scale-up and sustainability. The Centennial Symposium at the Johns Hopkins Bloomberg School of Public Health provided an opportunity to reflect on where the field of epidemiology is today and where we believe it needs to go.
We endorse training new epidemiologists, and re-training of today's epidemiologists, in the domains listed above. We recognize such training is critical to the next generation of epidemiologists especially with the increasing complexity of data and analytical demands, and the perceived disconnect between research and applied epidemiology regarding core epidemiological competencies and skills. However, the amount of classwork that can be required is limited and we must ask how these domains can be prioritized over other topic areas. We also recognize that a substantial proportion of training comes from the daily interactions students have with faculty and workgroups. Students model what they observe, so it is crucial that faculty conduct themselves with integrity and collegiality, conduct consequential research with rigor, and communicate their work with clarity. We want to train the epidemiologists of the future to tackle the important public health issues that the field of 
